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Abstract. 

For about 100 years the amplitude of the 4d pulsation in Polaris has decreased. We present new 
results showing a significant increase in the amplitude based on 4.5 years of continuous monitoring 
from the ground and with two satellite missions. 
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INTRODUCTION 

Polaris is the brightest Cepheid in the sky with a single known pulsation mode with a 
period close to 4 days. The star was found to be variable around 150 years ago yj] and 
the period was first identified about 100 years ago [2]. For the past century the pulsation 
amplitude has decreased from ~ 100 to 20 mmag in V (peak-to-peak) and the period has 
increased by 4.5 s yr^ 1 HLHl]. 

If the decrease in amplitude had continued, a possible explanation offered for the 
decrease in amplitude is that Polaris has completed its evolution through the instability 
strip and is therefore becoming stable |H,@]. The high rate of period change is typical of 
overtone pulsators [7] like Polaris, though other explanations have been suggested 

About fifteen years ago a paper with the title Goodbye Polaris the Cepheid dlOfl 
predicted that the 4d mode would disappear around 1994. However, a fundamental 
error was found in that paper Q6Q , and new measurements at the end of millennium 
indicated that the decrease in amplitude had ceased |@, [H]] . Coincidentally, in 2008 
three independentgroups have reported unambiguous evidence for a significant increase 
in the amplitude 0,1121 LL3|], and we can now say, Welcome back, Polaris! 



Details of our work are given in ||12(|: here we shall summarize our most important 
conclusions and make comparisons with the results from the two other groups. In addi- 
tion we shall discuss a possible explanation for the surprising increase in the amplitude 
of Polaris, based on new results for Cepheids in the Large Magellanic Cloud ifbll . 



1 Presented as a poster by A. J. Penny at the Cool Stars 15 meeting at St Andrews. 
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FIGURE 1. Light curves of Polaris from WIRE and SMEI and radial velocities from AST. The top 
panel is the entire data set with a baseline of 4.5 years; the bottom panel shows the pulsation over 40 days. 

OBSERVATIONS FROM GROUND AND SPACE 

We have collected extensive data for Polaris from both ground and space. We used the 2- 
m Tennessee State University Automatic Spectroscopic Telescope (AST I115ll ) to collect 
over 500 spectra over a period of 3.8 years from 2003-7. We used the 52 mm star tracker 
on the WIRE satellite 111611 to collect 62 days of high-precision photometry during three 
runs, each lasting from 2 to 4 weeks, in 2004-5. Finally, we obtained photometry from 
the SMEI instrument on the Coriolis satellite spanning 3.7 years from 2003-6. 

A SIGNIFICANT INCREASE IN THE AMPLITUDE 

In Fig. CD we show the light curves from SMEI and WIRE and the radial velocity curve 
from AST. The baseline of the combined data set is 4.5 years. To analyse the data we 
compute the Fourier amplitude spectrum of each data set as shown in Fig. |2] The left 
panel shows the dominant peak due to the 4 d pulsation mode. The right panel shows the 
details at lower frequencies after having subtracted the primary mode. The insets show 
details around the main features in the amplitude spectra. Notice that in the right panel 
there is a significant residual signal around the main peak at ~ 0.25 c/day. This is due to 
an increase in amplitude during the time span of the observations |[l2|l . 

To quantify the increase in amplitude, we split the data sets in groups of 30 pulsation 
cycles (4 months) and measured the amplitude in each. The result is given in the left 
panel in Fig. |3] showing a ~ 30% increase in both photometric and radial-velocity 
amplitude. In the right panel we show the change in radial-velocity amplitude over a 
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FIGURE 2. Left panel: amplitude spectrum of the three data sets. Right panel: details of the amplitude 
at low frequencies after having subtracted the main 4 d mode. 



century and note that the precision of the data collected since the 1990s have improved 
greatly with the advent of very stable spectrographs. We can see that the amplitude of 
the 4d mode in Polaris stopped its decrease around 1995 and has increased since then. 

Our measurement of the increase in amplitude is in very good agreement with the 
results from [9] and [13] which are also shown in Fig. [3] (marked as SS08 and L08, 
respectively). SS08 used an independent reduction pipeline to reduce the SMEI data and 
obtained a significantly better point-to-point precision. L08 used 264 spectra collected 
over 2.6 years and partly overlapping with our dataset. 



LONG-PERIOD VARIATION IN POLARIS 

In addition to the dominant 4 d mode, long-period variation has been reported in some 
of the extensive campaigns done on Polaris since the 1980s. These include variation at 
P = 9.75 d (Arv ^ 1 km/s) 03], 45.3d (505 ±45 m/slp, 17.2 d and 40.2 d (~ 200 m/s) 
llHO, and most recently at 119.1 d (138 ±8 m/s) 1130, with semi-amplitudes given in 



the parentheses. Based on simulations 11120 we argue that these modes are probably not 
intrinsic to Polaris, but due to a combination of instrumental drift, too sparse sampling of 
the pulsation, and difficulties imposed by the period being so close to an integer number 
of days. Our spectroscopic data from AST has the lowest noise at low frequencies among 
the published data sets. In the range 3-50 d days we set an upper limit for the variation 
at 100 m s -1 , which is four times the average noise level in the amplitude spectrum. 



WHY HAS THE AMPLITUDE INCREASED? 

The increase in the amplitude of Polaris makes it unlikely that it is evolving out of 
the instability strip and ceasing to pulsate. Rather, the amplitude change seems to be 
a cyclic phenomenon, related to pulsation. Based on comparison with pulsation models 
[@] suggested that Polaris is on the red edge of the instability strip for overtone pulsators, 
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FIGURE 3. The left panel shows the measured increase in amplitude from out AST and SMEI data 
sets. The results from L08 lfl3ll and SS08 ^ is also shown. The right panel shows the change in radial 
velocity amplitude in Polaris over a century. 




and that it could be evolving (depending on its mass) from a first-overtone pulsator to 
become a fundamental or double-mode Cepheid (also suggested by |@]). 

Another potential explanation is beating of the primary mode with an additional 
unresolved pulsation mode, as suggested by lfl2ll and |@]. If this be the case, the two 
modes would have nearly the same frequency, since the beat-period is at least 200 years. 
Recently, non-radial pulsation was detected in 42 out of 462 first-overtone Cepheids 
in the Large Magellanic Cloud fll4fl . Interestingly, the non-radial frequencies are most 
often located close to the primary radial overtone mode. These secondary peaks were 
not found in any of the 718 fundamental mode Cepheids iflU] . Since Polaris is a first 
overtone pulsator [fl8|] . beating of the first overtone with a non-radial mode could explain 
the observed increase in amplitude. However, this requires that the amplitudes of the two 
modes be comparable due to the low amplitude of the variation around the millennium. 
This is not the case for any of the LMC overtone Cepheids; the non-radial modes 
typically have amplitudes around 5% of the main mode, with one Cepheid having a 
secondary peak with 20% of the amplitude of the main mode. 



OUTLOOK 

Fernie, Kamper & Seager were apparently too pessimistic when they said goodbye to 
Polaris 10 years ago yXJfl . Polaris has now evidently come back and is presenting us with 
a new puzzle: why is the amplitude increasing? In the coming years we will continue to 
monitor Polaris with AST, and we will collect additional spectra at different longitudes 
to improve the spectral window of the observations. 
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